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.2013.04.0Abstract In this paper, a simpliﬁed fault diagnosis method based on Petri nets is proposed to esti-
mate the faulty item/section(s) of a large power generation station. The Petri nets are used as a mod-
eling tool to build fault diagnosis models of item/section(s) of power station which aim to diagnose
accurately the faults when a large amount information of SCADA system is detected in the control
room. It can diagnose and estimate the faulty item/section(s) correctly for multiple faults as well as
simple faults. In order to testify the validity and feasibility of that method, a computer simulation of
High Dam power generation station is used. It is shown from three study cases that Petri nets fault
diagnosis method has many merits such as accurate fault diagnosis results, easy and ﬂexible correct-
ness of Petri net fault diagnosis models for each item/section(s).
 2013 Ain Shams University. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Fault diagnosis of a large power generation station can be a
process of discriminating faulted power station item/section(s)
by tripping of their protective relays and circuit breakers.
Therefore, it requires information from SCADA system. When
the information arrives at the control room, the operatorsDam Power Station, Aswan,
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06analyze the data and diagnose the faulted item/section(s).
The accuracy and speed of the diagnosis process depend
entirely on the experience of the operators. However, as the
complexity of power station increases, especially in the case
of multiple faults, a lot of alarm information is transmitted
to the power station control room. Under such situations,
the operator should diagnose the faulty section rapidly and
accurately. For this reason, the fault diagnosis systems have
to be developed in the control rooms to assist, support, and
help the operators to carry out their tasks in diagnosis
processes.
Resent researches have been made toward developing fault
diagnosis system. Most of these efforts are based on Expert
Systems (ESs) [1–4]. Artiﬁcial intelligence approaches, such
as, artiﬁcial neural networks [5–7], genetic algorithm (GA)
[8], family eugenics based evolution theory [9], immune algo-
rithm [10] are developed. Two corresponding fault diagnosisier B.V. All rights reserved.
832 M.M. Mansour et al.researches for power generation station based on fuzzy rela-
tions and Bayesian networks, respectively, are given in Refs.
[11,12]. Petri nets have characteristic of the parallel informa-
tion processing, concurrent operating function, and considered
as a very suitable and useful modeling tool. Some methodolo-
gies of modeling and analysis for the fault diagnosis of power
system with Petri nets are proposed [13–16].
The fault diagnosis systems are used widely in power sys-
tems and substations. In this paper, a simpliﬁed fault diagnosis
method based on Petri nets for a large power generation sta-
tion is proposed. This power generation station includes the
following: generation units, step up power transformers, sta-
tion service transformers, station buses, and autotransformers.
The proposed fault diagnosis method utilizes the information
of the protective relays and circuit breakers to build Petri net
model for each faulty item/section(s) of a large power genera-
tion station. The faulty item/section(s) can be diagnosed and
estimated from the ﬁnal state of the ﬁred Petri net. Moreover,
a comparison of effectiveness and performance of the pro-
posed Petri nets, fuzzy relations, and Bayesian networks is
presented.
The proposed method is tested on 15.75/500 kV High Dam
power generation station which afﬁliates to Hydro Plants Gen-
eration Company (HPGC) in Egypt. The testing results dem-
onstrated that proposed method is easy reasoning, strong
practicability of fault diagnosis models, and ﬁnally, it assists
and supports the operator in control room of the power station
to make the right decision.2. Modeling method of Petri nets
2.1. Petri net deﬁnition
A Petri net is a one of several mathematical and graphical rep-
resentations of discrete distributed systems [17,18]. As a mod-
eling language, it graphically depicts the structure of a
distributed system as a directed bipartite graph decision.
2.2. Graphical structure model of Petri nets
The graphical structure model of Petri nets consists of nodes
and arcs that represent different physical concepts. The node
set is composed of two independent subsets, place set
P= {p1, p2, . . . ,pn}, and transition set T= {t1, t2, . . . , tn}.
Each node corresponds to only one place element pi (represent
the status of some components of the system) or transition ele-
ment ti (these nodes which transit behavior of the system from
its initial state to next state and such transition between two
states will take place when a given enabling event occurs dur-
ing the evolution of the system based on ﬁring transitions
rules). Two different kinds of weighted directional arcs are in-
cluded in arc set, which are named as the subset of input arcs
and the one of output arcs. The token number of each place is
marked by a ﬁgure of dots in each place circle, which may not
only represent a certain material resource but also denote some
corresponding information resources [18,19]. The arc weight is
marked with a ﬁgure and its default value is one. Fig. 1 illus-
trates a simple Petri net structure model where p1 and p2 rep-
resent places, and t1 represents transition, and the dot in
place p1 represents the initial marking (token). The structuremodel of Petri net is static, and its dynamic properties are de-
ﬁned by transitions ﬁring as well as transition of the tokens.
The ﬁring will move the tokens from the transitions’ input
places to its output places.
Consequently, the execution of a Petri net is controlled by
the number and distribution of tokens in the Petri net. By
changing distribution of tokens in places, which may reﬂect
the occurrence of events or execution of operations, for in-
stance, one can study the dynamic behavior of the modeled
system. A Petri net executes by ﬁring transitions. There are
two rules which govern the ﬂow of tokens [20]:
Enabling Rule: A transition t is said to be enabled if each
input place p of t contains at least the number of tokens equal
to the weight of the directed arc connecting p to t.
Firing Rule: Only enabled transition can ﬁre. The ﬁring of
an enabled transition t removes from each input p the number
of tokens equal to the weight of the directed arc connecting p
to t. It also deposits in each output place p the number of to-
kens equal to the weight of the directed arc connecting t to p.
So, the transition nodes transit the system from its initial
state to next state based on the ﬁring transition rules.
2.3. Petri net modeling power
The typical characteristics exhibited by the activities in a dy-
namic event-driven system, such as concurrency, decision mak-
ing, synchronization, and priorities, can be modeled effectively
by Petri nets [20]:
Sequential Execution: In Fig. 2a, transition t2 can ﬁre only
after the ﬁring of t1. This imposes the procedure constrain
‘‘t2 after t1.’’ Such procedure constrains are typical of the exe-
cution of the parts in a dynamic system. Also, this Petri con-
struct models the casual relationship among activates.
Conﬂict: Transitions t1 and t2 are in conﬂict in Fig. 2b. Both
are enabled, but the ﬁring of any transition leads to the dis-
abling of the other transition. Such a situation will arise, for
example, when a machine has to choose among part types,
or a part has to choose among several machines. The resulting
conﬂict may be resolved in purely non-deterministic way or in
a probabilistic way, by assigning appropriate probabilities to
the conﬂicting transitions together.
Concurrency: In Fig. 2c, the transitions t1 and t2 are concur-
rent. Concurrency is an important attribute of system interac-
tions. This is a necessary condition for a transition to be
concurrent which is the existence of a forking transition that
deposits a token in two or more output places.
Synchronization: It is quite in a dynamic system that an
event requires multiple resources which related to circuit
breakers and protective relays in this paper. The resulting
synchronization of resources can be captured by transitions
of the type shown in Fig. 2d. Here, t1 is enabled only when
each of p1 and p2 receives a token. The arrival of a token into
each of the two places could be the result a possibly complex
sequence of operations elsewhere in the rest of the Petri net
model. Essentially, transition t1 models the joining operation.
Mutual Exclusive: Two processes are mutually exclusive if
they cannot be performed at the same time due to constraints
on the usage of shared resources. Fig. 2e shows this structure.
For example, a robot may be shared by two machines for load-
ing and unloading. Two such structures are parallel mutual
exclusion and sequential mutual exclusion.
p1 p2t1
Token Place TransitionFlow 
Figure 1 Graphical structure model of a simple Petri net.
Figure 2 Petri net primitives to represent system features.
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ducing an inhibitor arc. The inhibitor arc connects an input
place to transition and is pictorially represented by an arc ter-
minated with a small circle. The presence of an inhibitor arc
connecting an input place to a transition changes the transition
enabling conditions. In the presence of the inhibitor arc, a
transition is regarded as enabled if each input place connected
to the transition by a normal arc (an arc terminated with an
arrow). Contains at least the number of tokens equal to the
weight of the arc, and no tokens are present on each input
place connected to the transition by the inhibitor arc. The tran-
sition ﬁring rule is the same for normally connected places. The
ﬁring, however, does not change the marking in the inhibitor
arc connected places. A Petri net with an inhibitor arc is shown
in Fig. 2f. t1 is enabled if p1 contains a token, while t2 is en-
abled if p2 contains a token and p1 has no token. This gives pri-
ority to t1 over t2.
2.4. Matrix representation of Petri nets
The topological structure of a Petri net can be represented by
an incidence matrix C which has number of rows equal to the
number of places (P) and number of columns equal to the
number of transitions(T); thus, incidence matrix C is a P · T
matrix and deﬁned by [18,21,22].
CðP;TÞ ¼
WðP;TÞ iffðP;TÞ 2 F
WðP;TÞ iffðT;PÞ 2 F
0 Otherwise
8><
>: ð1Þ
where F is the ﬂow relation between P and T, and W is arc
weight between place and transition, and the positive and neg-
ative signs are determined based on the arc direction.
Two vectors, Mo and M which are used to describe the ini-
tial and ﬁnial marking states, respectively, correspond to the
place set P, and the vector U corresponds to the transition
set T.
Then, the dynamics process of a system can be represented
as:
M ¼ Mo þ CU ð2Þ
It can use Mo to deduce M through ﬁring transitions
according to the logical relationship of C.
2.5. A simple fault diagnosis petri net model
The protection system can be modeled by Petri net using infor-
mation that is received from SCADA system in the control
room. This information includes the ﬁnal status of the related
circuit breakers and protective relays [21,22]. The place nodes
of Petri net capture state information about operated protec-
tive relays and circuit breakers or fault place. The transitions
of Petri net describe the events or the actions. Fig. 3 shows a
simple sequential execution Petri net fault diagnosis model asshown before. In the model, place nodes formed by node N1
(fault section), relay R1, and circuit breaker CB1 are repre-
sented by circle, transition nodes formed by fault transition
tr1 and tr2 which represented by bar. The ﬂow relation is rep-
resented by directed arcs linked every place nodes to the tran-
sition nodes.
Marking of the net represents the initial condition of the
system. The initial marking of the net depends on the received
information from SCADA. There is an initial token in place
CB1, if the circuit breaker CB1 has operated when a fault oc-
curred, the tr1 is ﬁred, and the token will move from place CB1
to place R1.
A token in place R1 means that relay R1 is sensing the fault,
the transition tr2 is then ﬁred, and the token will be moved
from R1 to corresponding fault sections node N1. Therefore,
it shows that there is a fault occurred at node N1 because its
protection relay R1 has operated.
Marking of the net represents the initial condition of the
system. The initial marking of the net depends on the informa-
tion received from SCADA. There is an initial token in place
CB1, if the circuit breaker CB1 has operated when a fault oc-
curred, tr1 is ﬁred, and the token will move from place CB1 to
place R1.
A token in place R1 means that relay R1 is sensing the fault,
the transition tr2 is then ﬁred, and the token will be moved
from R1 to corresponding fault sections node N1. It shows that
there is a fault occurred at node N1 because its protective relay
R1 has operated.
3. Petri net models for large power generation station
The proposed Petri nets fault diagnosis models have been
tested on High Dam power generation station as shown in
Fig. 4 which is considered as the largest power generation sta-
tion in Egypt [23,24]. Fig. 4 shows a single line diagram of
High Dam power station. Moreover, the ﬁgure includes the
fault study cases, which will be described later. The text
symbols used to represent the operating relays in the ﬁgures
are explained as follows. The letters U, T, TS, BL, BLB, B,
CB1 R1 tr1 tr2 N1 
Figure 3 Simple fault diagnosis Petri net model.
834 M.M. Mansour et al.L, and R denote generation unit, step up power transformer,
station service transformer, block ‘‘three generation units with
their step up power transformer form a block’’, block bus, sta-
tion bus, transmission line, and shunt reactor, followed by the
number of protective relay.
The High Dam power generation station consists of 12
water-turbine drives generating units. Each unit has a capacity
of 200 MW, and then, the total generating capacity is
2400 MW. Each unit has its own 15.75 kV synchronizing cir-
cuit breaker and 206 MVA three phase (15.75/500 kV) step
up power transformer. The 500 kV side of the three step up
transformers are connected together to form a ‘‘block,’’ and
there are four blocks. Each block has two 500 kV circuit
breakers for connecting the block to the 500 kV operating
buses in a double buses, double-circuit breaker arrangement.
The outdoor 500 kV switchyard consists of the leads from
the four blocks which supply the two 500 kV buses which in
turn feed two 500 kV transmission lines and two autotrans-
formers circuits. The 500/220 kV is autotransformer with an
on load tap changer, and the 11 kV is a separate winding.
There are two 11/6 kV, three phase 4 MVA station service
transformers which are fed from the 11 kV winding of auto-
transformers. There are another two 15.75/6 kV, three phase
4 MVA station service transformers which fed from 15.75 kV
between the unit circuit breaker and the unit transformer of
units 1 and 7. The outdoor 220 kV switchyard is supplied from
the two autotransformers.
The system comprises the following:
1. 36 Fault sections (U1. . .U12, T1. . .T12, BL1B. . .BL4B,
TS1. . .TS4, B1 and B2, T13 and T14).
2. 36 Circuit breakers (12 for units, 8 for blocks, 4 for station
service transformers, 4 for double-circuit transmission lines
at High Dam side, 6 for autotransformers at 500 kV and
220 kV side, 2 bus tie circuit breakers at 220 kV side).
3. 430 Protective relays (240 for units, 84 for power trans-
formers, 4 for blocks buses, 12 for TS1 and TS3, 16 for
TS2 and TS4, 40 for T13 and T14, 2 for B1 and B2, 32
for breaker failures relays for circuit breakers).
3.1. Description of High Dam protection system
The protective relays and corresponding circuit breakers for
item/section of Block 1 of High Dam power generation station
are shown in Fig. 5. The item/section(s) are the generation
unit, step up power transformer, block bus, and station service
transformer. The letters A and M denote to auxiliary and main
generator and followed by the number of protective relay as
described:
3.1.1. Generation unit
The protective relays of generation unit of High Dam power
generation station are more complex since it has two cas-caded generators to produce the output voltage. Moreover,
each generator has its own protective relays, so more com-
plex protection scheme with corresponding CBs are ex-
tracted. Generation unit protective relays, the generation
unit protective relays are divided into three kinds:
i. Unit protective (UP1) relays trip the related circuit
breaker of the generation unit only and include the fol-
lowing all protective relays of auxiliary generator: differ-
ential protection A87M, phase time over current A51P,
instantaneous over current A50P, ﬁeld dc over current
A76T, overvoltage A59 and under voltage A27, longitu-
dinal differential protection M87M, transverse differen-
tial M51BTV, loss of excitation M40, over excitation
M24, inadvertent energization M50IE, stator ground
M59G, stator ground third harmonic under voltage
M27G, overvoltage M59, loss of synchronism M78, over
frequency 81O and emergency protection (load
shedding).
ii. Unit protective (UP2) relays considered as the backup
protection of main generator and include; negative
sequence over current M46, instantaneous over current
50P and over current voltage controlled 51VC (50P
and 51VC) and distance protection M21.
iii. Unit Breaker Failure (UBF) relay for circuit breaker of
generation unit.
3.1.2. Step up power transformer
The protective relays of step up power transformer are divided
into three kinds:
i. Transformer Protective (TP1) relays include the follow-
ing protection: harmonic restrained differential protec-
tion 87T, harmonic unrestrained differential protection
87H, Buchholz relay 63B, bushing leakage current
KBB and oil temperature OT.
ii. Transformer Protective (TP2) relays include neutral time
over current stage I 51NI.
iii. Transformer protective (TP3) relays include neutral time
over current stage II 51NII.
3.1.3. Block bus
BL1 includes the bus differential protection 87B.
3.1.4. Station service transformer
The protective relays of station service transformer 1 of High
Dam power generation station are divided into two kinds:
i. Service transformer protective (TS1P1) relays include:
time over current stage II 51PII and instantaneous over
current stage II 50PII.
ii. Service transformer protective (TS1P2) relays include:
unrestrained differential protection 87H, instantaneous
over current stage I 50PI, time over current stage II
51PI, Buchholz relay 63B, tap changer Buchholz relay
63BTC and oil temperature OT.
Similarly, 500 kV main buses of High Dam power genera-
tion station and double autotransformers can be described.
Figure 4 Single line diagram of High Dam power generation station and includes the faulty study cases.
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Figure 5 Block 1 of High Dam power generation station and
their protective relays.
836 M.M. Mansour et al.3.2. Petri net model for block 1 of High Dam power generation
station
According to the above rules of protection conﬁguration, the
synchronization Petri net model as mention in Section 2.3 of
block 1 of High Dam power generation station for fault diag-
nosis is built and shown in Fig. 6.
Fig. 6 shows the Petri net model of block 1 of High Dam
power generation station, which represents the faulty section
of that block as U1, T1, U2, T2, U3, T3, BL1B, and TS1.
Places UsP1, UsP2, UsBF, TsP1, TsP2, TsP3, BL1, TS1P1,
and TS1P2 are dedicated to a protective relays group for gen-
eration units, step up power transformers, bus of block No. 1
and station service transformer as described previously. Places
U1CB, BL1CB1, BL1CB2, U2CB, U3CB, TS1CB, and
TS1CB1 are the corresponding circuit breakers for the item/
section of the block No. 1. Places C1. . .C21 are virtual nodes
and have no physical meaning.
This meaning the generation unit 1 (U1) or other section is
faulty when a one of its own protective relays and/or other sec-
tions protective relays operates with the corresponding circuit
breaker(s) together.
The initial token distribution is conﬁrmed according to the
received information from SCADA system in the control
room. If the information shows that the relay (U1P1. . .TS1P2)
and the related circuit breaker (U1CB. . .TS1CB1) have oper-
ated, then there will be an initial token set in the corresponding
place. After ﬁnishing initial token distribution, the transition
matching the condition will be ﬁred.
The token will be redistributed in the net after a series ﬁring
of transition until no transition can be ﬁred, and then, the net
reaches the stable status. The fault section can be directly ob-
tained from the net at that time. The criterion rule is as fol-
lows: if there are tokens in place (U1, T1, U2, T2, U3, T3,
BL1B, TS1), then that node is the faulted section.4. Diagnosis methodology
4.1. Diagnosis procedure
The ﬁnal information of the circuit breakers and protective re-
lays is received by SCADA system. Putting that information
into the Petri net fault diagnosis model, and then determine
the faulty section as follows:
1. Represent the initial token distribution of the Petri net by
Mo.
2. Determine the vector U1 by the transition status as a fault
state in Petri net.
3. Build the incidence matrix C according to Petri net model
and Eq. (1).
4. Determine the dynamic transition process of the Petri net
M1 according to Eq. (2).
5. Through vector M1, redistribute the token after the ﬁrst
ﬁring.
6. Determine the vector U2 by the transition status.
Figure 6 Petri net model for block 1 of High Dam power generation station.
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838 M.M. Mansour et al.7. Determine the second dynamic transition process of the
Petri net M2 according to Eq. (2). Finally, specify the
faulted section with the place that includes one token at
least.
4.2. Diagnosis process analysis
In Fig. 7, it is supposed that a fault occurred in node U1, and
the information received from SCADA is; U1M87M and
U1CB are operated. Where U1P1 includes U1M87M then
U1P1 in the model operates, so the initial token distribution
can be determined as shown in Fig. 7. In this case, the transi-
tion tr1 matches the ﬁring condition and then ﬁres. The initial
token distribution marking is represented by Mo as shown as
follows:Mo ¼
U1P1 U1CB U1P2 BL1CB1 BL1CB2 U2CB U3CB TS1CB U1BF C1 C2 C3 U1
1 1 0 0 0 0 0 0 0 0 0 0 0
 TThe vector U1 is determined by the transition status in
Fig. 6, and U1 is given by
U1 ¼
tr1 tr2 tr3 tr4 tr5 tr6
1 0 0 0 0 0
 T
According to the Petri net model, the incidence matrix C can
be built as follows;
C ¼
tr1 tr2 tr3 tr4 tr5 tr6
1 0 0 0 0 0 U1P1
1 1 0 0 0 0 U1CB
0 1 0 0 0 0 U1P2
0 1 1 0 0 0 BL1CB1
0 1 1 0 0 0 BL1CB2
0 1 1 0 0 0 U2CB
0 1 1 0 0 0 U3CB
0 1 1 0 0 0 TS1CB
0 0 1 0 0 0 U1BF
1 0 0 1 0 0 C1
0 1 0 0 1 0 C2
0 0 1 0 0 1 C3
0 0 0 1 1 1 U1
2
66666666666666666666666666664
3
77777777777777777777777777775
According to Eq. (2), M1 can be written as;
M1 ¼ Mo þ CU1
M1 ¼ ½0 0 0 0 0 0 0 0 0 1 0 0 0T
Through vector M1, the token distribution after the ﬁrst ﬁring
can be obtained as shown in Fig. 8. Finally, determine vector
M2 as follows:
M2 ¼ M1 þ CU2
whereU2 ¼ ½0 0 0 1 0 0T
Then,
M2 ¼ ½0 0 0 0 0 0 0 0 0 0 0 0 1
In this case, as shown in Fig. 9, there is no longer transition
being ﬁred. Therefore, the present Petri net has reached to
its stable status. That means, the place which includes one to-
ken at least become the faulted section. The example shows the
place U1 (generation unit 1) has one token, and then, the
faulted section is generation unit 1.
5. The data preparation and fault diagnosis program
To implement the proposed approach for diagnosing the
faulted sections in a power generation station, the followingdata should be prepared in the station’s control room: (1)
The power station’s topology data; (2) The ﬁnal status of cir-
cuit breakers and protection relays. The ﬂow chart of Petri net
fault diagnosis program is shown in Fig. 10.
6. Case studies
High Dam power generation station is used as a testing system
to testify the capabilities and effectiveness of Petri nets for
fault diagnosis of a large power generation station. Fig. 3
shows a single line diagram of High Dam power generation
station and includes the locations of various fault study cases.
These faults are collected from High Dam’s accidents and
faults archive which happened in the power generation station
as follows:
Case Study #1: Fault on Step up Power Transformer
The fault occurred at 10:58, 26/02/2010.
Operated relay T11 KBB (Bushing leakage current of
transformer 11)
Tripped CBs U10CB, U11CB, U12CB, BL4CB1 and BL4CB2
HPGC’s analysis Right operation of the protective relay
Petri net diagnosis The faulted section is transformer 11Petri net fault diagnosis method directly determines the
faulted section with transformer 11 based on its own operated
relay T11 KBB which leads to trip the corresponding circuit
breakers of that faulted transformer as; generation units’ cir-
cuit breakers and the double-circuit breakers of the block 4;
the ﬁrst and second circuit breaker. The proposed method
determines the faulted transformer although there are a lot
of alarms and tripping signals received in the power station
control room.
Case Study #2: Fault on Generation Unit
The fault occurred at 22:51, 14/11/2009.
U1 
BL1CB1 
U1CB 
BL1CB2 
U2CB 
U3CB 
TS1CB 
U1P1 tr4 tr1 c1 
U1P2 
tr2 tr5 c2 
U1BF 
tr3 tr6 c3 
Figure 7 The initial token distribution of the net.
U1 
BL1CB1 
U1CB 
BL1CB2 
U2CB 
U3CB 
TS1CB 
U1P1 tr4 tr1 c1 
U1P2 
tr2 tr5 c2 
U1BF 
tr3 tr6 c3 
Figure 8 Token redistribution status of the net.
U1 
BL1CB1 
U1CB 
BL1CB2 
U2CB 
U3CB 
TS1CB 
U1P1 tr4 tr1 c1 
U1P2 
tr2 tr5 c2 
U1BF 
tr3 tr6 c3 
Figure 9 The ﬁnal token distribution of the Petri net.
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840 M.M. Mansour et al.Operated relay U1 M87M (Diﬀerential protection of generation
unit 1), U151BTV (Transverse diﬀerential
protection of generation unit 1) and U1 21
(Distance protection of generation unit 1)
Tripped CBs U1CB, U2CB, U3CB, BL1CB1, BL1CB2 and
TS1CB
HPGC’s analysis Right operation of the protective relays
Petri net diagnosis The faulted section is generation unit 1Print misoperation CB
Figure 10 FloOperated relay B187B (Diﬀerential protection of 500 kVstation bus No. 1), T1 87H (Diﬀerential
protection of transformer 1)
Tripped CBs T13CB, BL1CB1, BL1CB2, BL2CB1,
BL3CB1, BL4CB1, HDL1CB1, HDL2CB1,
U1CB, U2CB, U3CB, TS1CB
HPGC’s analysis Right operation of the protective relays
Petri net diagnosis The faulted section are 500 kV B1 and T1A lot of alarms and tripping signals are received in the
power generation station control room. These signals include
the tripping signals such as operated protective relay U1
M87M, U1 51BTV, and U1 M21, alarm signals such as trip-
ping the related circuit breakers as; U1CB, U2CB, U3CB,
BL1CB1, BL1CB2 and TS1CB, and ﬁnally, a large number
of events appear resulting of that fault. The operator needs
to process these signals, although that information is so largeStart
Stop 
Change of 
protective relays 
status. 
No
Yes 
Determine the initial token distribution oM . 
Determine the vector of transition status 1U . 
Build the incidence matrix C of Petri net model. 
Print the Petri net diagnosis results.  
Change of 
CBs status. 
. 
Received information of the protected relays and CBs. 
Determine the dynamic transition process 1M . 
Determine the vector of transition status 2U . 
Determine the second dynamic transition process 2M . 
Compute the faulted section. 
No 
Yes
w chart of Petri fault diagnosis program.that human ability to comprehend can easily be overwhelmed.
Petri net solves this situation shortly and computes the faulted
section with generation unit 1.
Case Study #3: Faults on Step up Power Transformer and
500 kV Station Bus
This case is a simulation of a multiple fault which may be
occurred in the power generation station.This case is considered as a simulation of a multiple
fault may be occurred in the power generation station
and makes confusion to the operators due to a lot of infor-
mation (events, tripping signals, alarm signals) need to be
processed. This fault may cause the power station to black-
out which in turn leading to whole the power system to the
blackout.
The fault occurred in station bus 1 (B1) by operation of sta-
tion bus differential relay (B187B). Following the operated re-
lay many circuit breakers are tripped these circuit breakers are
the ﬁrst circuit breaker for block 1 (BL1CB1), block 2
(BL2CB1), block 3 (BL3CB1), block 4 (BL4CB1), High
Dam/Nag Hammadi transmission line 1 (HDL1CB1), High
Dam/Nag Hammadi transmission line 2 (HDL2CB1) and
autotransformer 13 (T13CB). At the same time, the differential
protection of step up power transformer 1 (T187H) is operated
and tripped the following circuit breakers: the ﬁrst and second
circuit breaker of block 1 (BL1CB1, BL1CB2), the circuit
breakers of units No. 1, 2, and 3, and station service trans-
former circuit breaker 1 (TS1CB).
Applying Petri net on fault diagnosis based on the ﬁnal sta-
tus of circuit breakers and the protective relays are easily used
to determine the faulty sections in that case as well as a simple
fault. Therefore, Petri net determines the faulty sections with
500 kV B1 and T1.
7. Comparison of the proposed Petri nets, fuzzy relations and
Bayesian networks
A comparison of effectiveness and performance of the pro-
posed Petri net, fuzzy relations [11], and Bayesian networks
[12] are listed in Table 1.8. Conclusion
The operators of power station control room need to a system
to aid and support them to make reasonable decisions during
critical situations and reducing the delay of restoration after
emergency, a simpliﬁed Petri nets fault diagnosis system is
proposed to deal with a lot of alarms and tripping signals
which are sent to the power station control room.
Table 1 A comparison of the proposed Petri nets, fuzzy relations and Bayesian networks.
Method performance Petri nets Fuzzy relations Bayesian networks
Generality of the
fault diagnosis system
Very Good Very Good Excellent
The power station Petri nets
fault diagnosis models need
to a simple modiﬁcations but
Petri nets fault diagnosis of
transmission lines are the
same
The power station fuzzy
relations fault diagnosis
model which represented by
the sagittal diagrams are not
the same to the other fuzzy
relations models of power
stations and need to a little
modiﬁcation
The Bayesian fault diagnosis
model which consists of
Noisy-OR/AND nodes is
suitable for any section of
this kind in a power station
and transmission lines
Eﬃciency Excellent Good Excellent
It takes a maximum of 1 s. to
diagnose fault cases
It takes a relatively more
time due to the very large
amount of fuzzy relations of
the power stations
It takes a maximum of 1 s. to
diagnose fault cases
Parameters-learning ability No need to parameters-
learning
Need to parameters-learning Need to parameters-learning
Size of applied power station Very Large Very Large Very Large
The Petri net fault
diagnosing models are
universal to the same kinds
of sections
The fuzzy relation fault
diagnosis models which
represented by sagittal
diagram are universal to the
same kinds of sections
The Bayesian fault
diagnosing models are
universal to the same kinds
of sections
Correctness of diagnosing results Excellent Good Excellent
The Petri fault diagnosis
models are ﬂexible models to
build
By reduce/raise the labeled
values between the section
set, relays sets and circuit
breakers sets can reduce/raise
the expected output values of
the faulted section and no-
faulted section
By parameters-learning
algorithm can reduce/raise
the expected output values of
the faulted section
Petri nets for fault diagnosis of large power generation station 841The paper proposes a fault diagnosis system based on Petri
net for a large power generation station, which includes: gen-
eration units, step up power transformers, block bus, station
service transformers, autotransformers and station buses.
The proposed method can be applied on large power genera-
tion station through building Petri net model for each section.
Moreover, it can deal with misoperation of the circuit
breakers.
The proposed method is tested on High Dam power gener-
ation station to demonstrate its performance and effective. The
testing results demonstrate that proposed method is easy rea-
soning method, effectiveness, and strong practicability of fault
diagnosis methods to an actual large power generation
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